This paper shows that the detecting method of the sleep-in sleep state or sleepiness from the sound signals in the human body. Former report we showed that the detection of the sleepiness concerns with the piezoelectric sensors attached on car seat. Our preliminary examination showed that the spectrum of signals from the piezoelectric sensor have the tendency that the shapes of the spectral envelopes are flattened. And the sounds in human body are considered to have similar features. In this experiment, the signals of the piezoelectric sensor on the seat and the sounds in the human body are measured at the same time and the relation between the sounds and sleepiness are examined. The sounds inside the body are measured using NAM microphone system. The spectral envelopes of the signals from the left side and the right side of breath are calculated. The spectral envelopes from the seat are calculated at the same time. 27 measurements by four examinees are done and 11 sleeping data are measured. Flatness of the envelopes is defined using the lower order of cepstral coefficients and the increase of the flattened spectrum is observed by the sounds from the sleeping data of three quarters.
INTRODUCTION
Prediction of sleepiness is very important technology. This technology is indispensable to the safety life. Several trials for detecting the sleepiness or sleep in sleep-wake state are performed. In these cases, brain waves are often used as the detection cue. However, measurement of brain waves has the large load to the human body at the time of measurement. Other trial is done using the wave of finger plethysmogram. However this method also uses complicate systems and the systems using these parameters are fairly large chaotic calculation is needed (E. . The finger plethysmogram or electroencephalograph cannot be used when human is operating car or machine. So, the sensor used in the system detecting for sleepiness should be non-aggression one (S. Maeda et al., 2004 and M. Akita et al., 2005) . Those trials show that the cues of the sleepiness are connected with the flow of the brood. Another report shows that the detection of the sleepiness concerns with the piezoelectric sensors attached on car seat. This method aims that the sensors are measuring the parameter related to a blood flow. We have examined measuring the method similar to this sensor to a sound in the living body. And we showed that a sensor and a similar tendency are acquired (M. Akita et al., 2009) . However, the problems resulting from the measurement noise of a system arise and define of the detection of sleepiness or analysis method of signals must be refined. In this paper, 27 new measurements are performed and 11 sleeping data are obtained. We examine comparison of the detection rules and analysis conditions of the signals using these 11 data.
MEASURING METHOD OF THE SOUND INSIDE THE HUMAN BODY
It is considered that the pressure fluctuation is caused by the movement of the body by breath in the hip with sitting on the car seat. In addition, heart beat vibration seems to affect to the pressure of the hip. Thus, we think that there is important living information in the hip pressure and measured pressure near sitting bone with piezoelectric film sensor. And the sound inside the body expresses the sound of blood flow. We measure these signals using seat and microphones, the measurement system and pictures are shown in Figure 1 and Figure 2 . A piezoelectric film sensor is attached on the the seat to detect the time variation of the pressure of the human body. The used film sensor is 55Pm in thickness and put from the buttocks on the point of 200mm for detecting the living information near sitting bone. This sensor is attached to detect the variation of the hip pressure. The position of the sensor is provided in the portion on the left of the hips from the exploratory experiment. This means a near position by the heart. NAM microphones (P. Heracleous et al., 2003) shown in Figure 2 are attached on the chest of human body as Figure 1 . The position of the microphones is determined by knowledge of the previous experiments (M. Akita et al., 2009) . The output of signals of the sensor and microphones are sampled and stored in data recorder. The sampling rate of 200Hz is used and 12bit ADC is used in this experiment.
4 examinees are used for examination. 27 measurements are done. Each measurement was performed for 40 minutes at a time and sleeping state is detected by 11 data. Sleeping state is monitored using CCD camera and the sensor signals under the hip by the knowledge of the previous examination. In each measurement, the cepstral coefficients are calculated using these waveforms from microphones or sensor using improved cepstral method (Y. Abe et al.,1979) .
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FEATURE PARAMETERS OF THE SPECTRAL CUE FROM THE SOUND SIGNALS
Former experimental researches reported that the cue of the detection of sleep in sleep-wake state is the spectrum of the brain wave or finger plethysmogram on low frequency domain. However, there are some noises from the vibration or noise of the measuring systems. Therefore, we define the feature parameters using the smoothed spectral envelopes on low frequency domain as equation (1). In the equation,
is the ith order of cepstral coefficient and the feature parameter expresses the rough from of the spectral envelopes denoted by the Mth order to the Nth coefficient. In the usual calculation of the parameters, the frame period and the length of the window are 2.56ms. Figure 2 shows the spectral envelopes of the signal from sensor on the seat. The flattened spectral envelopes are often observed when examinee feels sleepiness. The value of the feature parameter decreases at this time as Figure 3 . So, we count the number of dip of the time variation of a parameter, and judge sleep by the change in the number. A suitable threshold values are defined and it asks for the number exceeding it of dip. In the previous experiment, the threshold values are fixed. However, the bias of the measuring system avoids the suitable detection of the dip. In this paper, moving average using 50 feature parameters are used as the base line. This is shown in Figure 4 . 
DETECTION RULES OF SLEEPINESS USING FEATURE PARAMETERS
Since the sleepiness or sleep in sleep-wake state will be seen if the number of the dip of the feature parameter shown for the previous chapter increases relatively, detection of sleepiness is judged with the following rules.
At first, the block is defined as a segment of time. 50 frames shall be 1 block collectively. The time length of each block is about 1 minute. The number of dip of the parameter exceeding a threshold value is counted within each block. The threshold value is defined by preliminary experiment. While the number of dip by a certain block is increasing or more by three rather than the number of pre-blocks and the number of dip by the next block is decreasing, we judge that the signs of sleep are detected. Only a lower threshold value is used under the rule 1. This is taking notice of only flattening of the form of a spectrum envelope. In the rule 2, it observes about an up-anddown threshold value. First, like the rule 1, a lower threshold value is used and candidate block is determined. Next, the number of the peaks exceed the upper threshold is counted. If the increase of the number of the peaks is larger than the increase of the number of a lower threshold value, this candidate is rejected. This rule aims at the elimination of the large noise when the measurement is done.
EXPERIMENTAL RESULTS
The experimental result of the detection rate at the time of applying two kinds of rules shown for the preceding chapter to 11 data in which the signs of sleep appeared among 27 measurements is shown in Table 1 . In these experiments, used window length and frame period are 1.28s. The sensor under the buttocks brings good detection results. When the signal of a microphone is used, the result that the signal of the microphone of the right chest is more effective in detection of sleepiness than the signal of the microphone of the left breast is obtained. From this fact, it is thought that change of the situation in the inside of the body, such as breathing and a blood flow, will have contributed to detection of sleepiness rather than a direct heartbeat. However, the detection rate is getting worse especially when the rule 2 is used. It is thought that it means that reduction to which noise in the living body becomes close to white noise is related to sleepiness like examination in a former experiment from this fact. In order to examine how to cope with aggravation of the detection rate in a microphone, change of the length of an analysis window when conducting cepstral analysis is considered. The window length for cepstral analysis is lengthened to 2.56s from the length suitable to the piezoelectric sensor. The results of the examination are shown in Table 2 . The experimental results mean that it is good to make the analysis section comparatively long slightly and to observe the low frequency domain of the spectral envelopes from this result when analyzing the signal of a microphone. 
CONCLUSIONS
In this paper, the measurement results of the sounds in human body are shown and the refined decision rules are also mentioned. When the thresholds for detection of the local dips of the spectral feature parameters are determined, the moving average method is used to avoid bias and noise of the measurement systems. Two kinds of detection rules were examined and it was shown that the directly detection that the signal of a sensor or a microphone becomes close to white noise brings good results for the detection of the sleepiness. In this experiment, the number of dips of the spectral feature parameters from the signal of a sensor or a microphone is treated separately. It is necessary to consider the definition of the detection rule of the sleepiness which used together the detection result with a sensor and a microphone.
